Iodine deficiency is a worldwide public health problem, which has long been observed in many parts of the world, including New Zealand (NZ). The aim of this study was to assess iodine and selenium intake among women of childbearing age in Palmerston North, New Zealand post mandatory fortification of bread with iodised salt. Fifty women of childbearing age completed a researcher-led questionnaire, including a semi-quantitative food frequency questionnaire. Iodine and selenium were analysed in 24-hour urine samples. The median urinary iodine concentration (UIC) was 65 µg/l with 30% below 50 µg/l; representing mild iodine deficiency according to the World Health Organization. The estimated median daily iodine intake (130 µg/day) was higher than the Estimated Average Requirement (100 µg/day) and higher than seen in women prior to fortification. The median excretion of selenium (32 µg/day) was slightly above level suggested as adequate (30 µg/day) and estimated median intake (57 µg/day) was higher than Estimated Average Requirement (50 µg/day). Selenium and iodine excretion were significantly correlated (Spearman's rank order; r(50) = 0.547, p < 0.001). The major contributors to iodine intake were milk (36%), bread (25%) and fish/seafood (15%). Participants had a mean intake of 2.5 slices of bread/day, which contributed approximately 14 to 20 µg of iodine. The majority of participants (74%) had iodised salt at home, but less than half (48%) used iodised salt exclusively. In conclusion, despite the mandatory fortification of bread with iodised salt in NZ, UIC of the study population indicates iodine deficiency although their estimated dietary intakes appear adequate. It is essential that government initiatives to improve iodine status are evaluated for their efficacy.
Introduction
Iodine deficiency disorders (IDD) are a major worldwide public health problem, with approximately 1.88 billion people reported to have insufficient iodine intake in 2011 [1] . IDD is the largest cause of preventable brain damage in childhood [2] . Iodine is needed to synthesize thyroid hormones (thyroxine and triiodothyronine), which are crucial for metabolism and maintaining growth and mental development [2] . Iodine deficiency (ID), characterised by endemic goitre and very low urinary iodine concentrations (<50 µg/l), was prevalent in New Zealand (NZ) in the late 1800s and early 1900s [3, 4] . The main cause of ID in NZ is low iodine levels in the soil and hence the food supply. The NZ government introduced iodisation of salt in the 1924 at the level of <40 mg/kg; this was increased to 40 -80 mg/kg in 1938 [4] . Goitre was eradicated in the 1950s and ID appeared to be eliminated in the 1970s [5, 6] . However, since the 1990s, many studies Iodine and Selenium Intake in a Sample of Women of Childbearing Age in Palmerston North, New Zealand after Mandatory Fortification of Bread with Iodised Salt
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in NZ have demonstrated mild-to-moderate ID among children and adults, including pregnant and lactating women and their infants [3] ; with urinary iodine concentrations (UIC) below recommendations [7] . Severe ID during pregnancy or infancy can result in adverse consequences for both mothers and their infants, such as maternal hypothyroidism, cretinism, physical deformity and mental retardation [8] . Whereas, mild to moderate ID during pregnancy and lactation may have a more subtle damaging effect on psychological development and cognitive functions in infants [8] . Two recent studies in developed countries have demonstrated that even mild to moderate iodine deficiency during pregnancy, can have cognitive effects. A cohort study of 958 pregnant women in the UK found an association between inadequate iodine status during pregnancy and an adverse risk on child cognitive development in their children at 8 and 9 years old as maternal iodine status decreased during early pregnancy, the risk of suboptimum IQ scores increased in childhood [9] . Similarly, a study of 228 children in Tasmania, Australia showed that children of mothers with mild ID in pregnancy had poorer educational outcome, with reduced scores in spelling, grammar and English literacy, at age nine years compared to children of iodine-replete mothers [10] .
In September 2009, Food Standards Australian New Zealand implemented the mandatory addition of iodised salt (25 to 65 mg/kg) to all bread (except organic, parbaked and unleavened bread) [11] . This policy was predicted to improve the iodine intake for the majority of the population [12] . However, iodine requirements increase substantially during pregnancy and lactation and the fortification will be insufficient for pregnant and lactating women to meet recommendations; hence in July 2010, a subsidised supplement containing 150 µg iodine (as potassium iodide) was made available to all pregnant and lactating women [13] .
There are also low levels of selenium in the NZ soil, thus the population is at risk of selenium insufficiency [14, 15] . The main role for selenium is as an essential cofactor for glutathione peroxidase, a potent antioxidant. However, it also plays an important role in maintaining optimal function of the thyroid gland as it is involved in thyroid metabolism. In particular, the selenoproteins (iodothyronine deiodinases) are involved in the deiodination of thyroxine. Thus selenium deficiency may exacerbate the effect of ID and contribute to the accumulation of hydrogen peroxide in the thyroid gland [16] . Selenium has not been added to salt or bread in NZ.
The main objective of this study is to investigate iodine intake and status among a sample of women of childbearing age in Palmerston North, NZ post mandatory fortification of bread with iodised salt. A secondary objective of this study was to assess selenium intake to determine any association between these two nutrients.
Methods
Participants and Recruitment
Fifty healthy women, aged 18 to 40 years were recruited from the Palmerston North area via advertisements at local health care, sports and community centres and tertiary institutions. Women were recruited from June 2010 to August 2010, which is about 9 to 11 months postmandatory iodine fortification. Women were excluded if they were pregnant or breastfeeding, or had thyroid disease or were taking medication containing iodine and/or selenium.
Data Collection
All participants visited the Human Nutrition Research Unit (HNRU) at Massey University in Palmerston North and completed a researcher led questionnaire including questions about iodised salt usage, intake of supplements containing iodine and/or selenium, and awareness of iodine fortification in NZ, that was based on a previous study of pregnant and breastfeeding women [17] . The questionnaire also included an iodine-specific semi-quantitative food frequency questionnaire (FFQ) that comprised of 14 food items; including intake of organic, par-baked bread and home-made bread, in order to determine the intake of bread containing non-iodised salt (breads exempt from mandatory iodine fortification). The frequency categories ranged from never, less than one per month, 1 -3 times per month, once a week and every day, to more than once per day. The FFQ was only based on the main food sources of iodine in NZ, and it did not include the use of iodised salt or foods containing iodine at low levels. Therefore, the FFQ was not used to estimate the iodine intake of the study population. This FFQ is mainly used to identify the major contributor of food to iodine intake.
During the interview, participants described portion size and frequency of intake for each food item using photos from a food atlas [18] . Household food measurements, such as cups and plates were used to demonstrate the actual size of servings. The questionnaires used in the study had been pretested among Massey University women staff.
The participants were asked to collect a 24-hour urine sample and provided with an insulated box containing two polythene bottles for urine storage and frozen silica pads to keep the sample cool. All participants were also given verbal and written instructions regarding the collection of 24-hour urine samples. Reminders by email and/or messages by mobile phone were sent to particiIodine and Selenium Intake in a Sample of Women of Childbearing Age in Palmerston North, New Zealand after Mandatory Fortification of Bread with Iodised Salt
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pants to ensure they collected all urine over 24 hours. All urine samples were brought immediately to the HNRU laboratory for processing after collection. The total volume of urine collected over 24 hours was measured for each participant. Samples were stored at −20 degrees C prior to analysis. Iodine and selenium concentrations in urine were determined by an accredited commercial laboratory (Hill Laboratories, Hamilton, New Zealand), using inductively-coupled plasma mass spectrometry [19] . Quality Control procedures included analysis of blanks, analytical repeats and spiked samples to ensure accuracy and precision (data not available). Calibration standards and checks were undertaken on every run and the limit of detection was 0.001 mg/kg and 0.002 mg/kg for iodine and selenium respectively. Urinary iodine concentration is an effective biomarker for iodine status and it also reflects recent iodine intake [20] . The WHO, ICCIDD and UNICEF accepts the single 24-hour urine collection method for estimating the iodine status and intake of a population [21] . A 24-hour urine sample can be used to measure iodine and selenium intake as a constant amount is excreted in urine (90% and 50% of dietary intake respectively).
Data Analysis
Data were analysed using the IBM SPSS Package Version 17 for Windows. Normality was tested for the continuous variables using the Shapiro-Wilks statistical analysis. Spearman's rank order correlation was used to describe the relationship between non-parametric data. UIC values were not normally distributed, so the median UIC of a study sample (µg/L) is used as an indicator for the iodine status of the population [7] . The 24-hour urinary iodine and selenium excretion (µg/day) reflects individual intake the previous day. To estimate the change in contribution of iodine due to mandatory fortification, the iodine content in bread, prior-and post-fortification was calculated based on the formula adapted from Rose et al. 
Ethical Approval
This study was approved by the Massey University Human Ethics Committee (Application 10/03). All participants provided written, informed consent.
Results
Fifty women of childbearing-age, who were not pregnant or breastfeeding, were recruited from the Palmerston North area. The majority of participants were aged between 18 to 34 years old (88%) and were educated to tertiary level or above (90%). Only two participants consumed supplements containing iodine ( Table 1) .
The median UIC of the study population was 65 µg/l ( Table 2 ) which defined the population as being mildly iodine deficient (UIC range of 50 to 99 µg/l) [7] . Additionally, 30% of participants had a UIC below 50 µg/l, and WHO/ICCIDD/UNICEF defines a population as iodine deficient if more than 20% has a UIC below 50 µg/l. Based on 24-hour urinary iodine excretion (UIE), the median estimated iodine intake was 130 µg/day, greater than the Estimated Average Requirement (EAR) for women (100 µg/day). Median selenium urine excretion was 32 µg/day, and the estimated selenium intake was 57 µg/day; above both the EAR (50 µg/day) and the lower limits of the safe range for intake (30 µg/day) [14, 24] .
Selenium excreted over 24 hours was significantly correlated with iodine excreted over 24 hours (Spearman's rank order; r(50) = 0.547, p < 0.001). This is consistent with a significant correlation between selenium urinary concentration and urinary iodine concentration (Spearman's rank order; r(50) = 0.68, p < 0.001).
Milk was the main food source of iodine for the participants, contributing approximately 36% of overall dietary intake, followed by bread (25%), fish and seafood (15%), and eggs (14%). Other food (such as yogurt, sushi and cheese) contributed less than 5% each ( Table 3) . There was no correlation between UIC levels (µg/day) and reported dietary intake of any food, including the estimated total iodine intake from the FFQ.
Based on the FFQ, the participants' average intake of bread post-fortification was only 2.5 medium size slices per day, which contributed approximately 14 to 20 µg of iodine. For bread, the three highest contributors to iodine intake were wholemeal/wholegrain bread (59%), white bread (14%), muffins (13%) and white roll (6%); other types of bread (such as flat breads, bagel, etc) contributed 8% (Table 3) . Organic, par-baked and home-made breads (breads that are exempt from mandatory iodine fortification) were consumed at least twice per week by 8%, 12% and 30% of participants respectively. Using participant's dietary intake, it was estimated that their bread intake would contribute about 7.6% of total dietary iodine intakes if based on iodine content in bread prior to fortification. However, based on the iodine content post-fortification, this percentage increased to 25% using the calculation from Rose et al. (2009) [22] . Selenium content in bread was not calculated as the values were highly variable.
Only 4% of participants knew that the addition of iodised salt to bread is now mandatory in NZ, whereas more than half (56%) reported not to have heard anything about iodine fortification, the remainder (14%) indicated they were not sure whether it was mandatory or volun- tary. In contrast, almost half of the participants (46%) knew that voluntary fortification of bread with folic acid was permitted in NZ. Although many of participants had iodised salt at home (74%), only 48% used iodised salt exclusively ( Table 1) . Other salts used by participants included plain salt (26%), mineral salt (such as sea salt or rock salt) (36%) and herb salt (6%), however 26% had no iodised salt at home.
Discussion
After the mandatory fortification of bread with iodine in NZ, the present study population is defined as mildly iodine deficient according to the WHO cut-off point (50 -99 µg/l). However, Zimmerman and Anderson (2012) [25] advocate that the WHO cut-off point for adults may be too high, and suggest it should be 60 -70 µg/l. The median UIC of study population (65 µg/l) is within this range, suggesting mild iodine deficiency among the study population. Previous studies in NZ since the 1990s, prior to mandatory fortification, showed women had mild to moderate ID with median UIC between 40 to 55 µg/l [3, 15, 26] . Although there is no comparative data prior to fortification from Palmerston North, the present study dem- 
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386 onstrated a higher median UIC than previous NZ studies, suggesting a small increase in iodine status; most likely due to fortified bread. It is unlikely the increase is due to differences in methods, many of the previous studies used only a spot urine sample, however the present study used a 24-hour urine sample, which is a better indicator as it is not influenced by the variation time of day and less likely to be influenced by hydration status [7] . Based on 24-hour UIE, the estimated median iodine intake (130 µg/day) was above the EAR (100 µg/day), suggesting an adequate iodine intake for this population, this is contrary to the WHO definition. Zimmerman and [25] suggest the use of the EAR cutpoint method which comprises comparing the estimated intake of the population with the EAR. This method requires the collection of multiple urine samples in a subset to adjust for intra-individual variation; this together with the small sample size mean the EAR cut-point method cannot be applied to the current results. However, another possible interpretation of the discrepancy in the current study results is that the study population had a sufficient intake. Further research is required using the EAR cut-point method to determine whether intakes are adequate. Inadequate iodine status was recently reported among breastfeeding women in NZ and Australia postfortification, especially among women who did not consume the recommended iodine supplements [17, 27] . In NZ, a study of a small sample of pregnant and lactating mothers before (2009) and after (2011) iodine fortification, found that the median UIC was higher in 2011 compared with 2009 for both pregnant (85 and 47 mg/L) and lactating (74 and 34 mg/L) women [17] . However, the study population's median UICs post-fortification were still below the cut-offs for adequate iodine status [17] . Another post-fortification study in NZ among school-aged children also found that although intakes had increased, serum thyroglobulin concentrations indicated mild deficiency [28] . This suggests that iodine fortification of bread may help to increase iodine intake and reduce the risk of ID, but may not fully eliminate ID in NZ.
The mean iodine intake of women in NZ (aged 16 -44 year) was projected to increase by approximately 73 µg/ day, after mandatory iodine fortification [6] . However, UIC in the current study (65 µg/l) represents an increment of only 25% (13 µg/day) compared to the median UIC (52 µg/l) of women in a national study prior to iodine fortification [26] . Although, the estimated iodine intake (130 µg/day) in the present study was twice the intake estimated for women prior to fortification (63 µg/day) in the 2009 New Zealand Total Diet Survey (NZTDS) [29] , their urinary iodine status still classified them as iodine-deficient. In addition, the estimated median intake is below the EAR of 160 and 190 µg/day for pregnant and lactating women respectively, thus they would remain at risk of inadequate iodine intake if they became pregnant, despite mandatory fortification. Higher levels of iodine could not be added to bread since this could result in children, who have a high consumption of bread, relative to their size, exceeding the upper level of intake. It is therefore essential that pregnant and lactating women use the subsidised iodine supplement to ensure sufficient iodine intake during this time. However, a recent observational study in NZ (n = 723) reported low use of iodine containing supplements among pregnant women, especially low income women [29] .
Based on the FFQ, dairy food is the major contributor to iodine intake in the study population, similar to the dietary intake pattern reported in the 2003/04 and 2009 NZTDS [30] . The 2008/09 NZ Adult Nutrition Survey reported that the majority (84.2%) of NZ population aged 15 and above use iodised salt at home [26] , however the exclusive use of iodised salt was not reported and could be much lower. A previous NZ study found 93% have iodised salt at home, however 30% of them never use iodised salt in cooking and less than half (48%) never use iodised salt as table salt [31] . In the present study, although majority of participants (74%) had iodised salt at home, less than half (48%) used it exclusively while the remainder (52%) use it rarely or never.
Healthy eating guidelines recommend that only iodised salt should be used in cooking or added to meals [32] , however, in the current study less than half of the study population adhered to this advice, preferring to use alternative salts. Public health recommendations to reduce sodium intake and an increase trend of using mineral salts in NZ may have reduced the usage of iodised salt in cooking or as table salt [6] . Other changes in eating habits may have contributed to the reduction of iodine intakes; for example people tend to eat away from home or buy more takeaway meals, and/or eat more processed foods, which generally contain non-iodised salt [5, 6] .
Habitual intake of unfortified bread is also a challenge to the government's current strategy to increase iodine intake. This is because, iodine-fortified bread is not consumed by all people; some might make their own bread using non-iodised salt, purchase organic bread, or totally avoid bread, due to e.g. medical reasons (coeliac disease), religious beliefs or cultural reasons, and/or a food preferences [33] . These may have contributed to the smaller than predicted increase in UIC among the present study population. Of interest is the fact that the majority of participants were more aware of the situation regarding folic acid than iodine fortification of bread, although the mandatory addition of both nutrients was due to be carried out simultaneously in NZ; although in NZ the legislation for mandatory fortification with folate was rejected, [14] , however some women were estimated to have very low intakes based on 24-hour urine excretion. In the current study, iodine and selenium status were found to be moderately, positively correlated. A previous NZ study found no association between selenium plasma and thyroid status and the authors suggest that low selenium status did not significantly affect people with marginal iodine status [34] . However the present population study has been categorised as having mild ID, so adverse effects from concurrent low selenium and iodine cannot be ruled out [35] . Rasmussen et al. (2011) found that low selenium status among women living in areas of mild ID is associated with an increased risk of thyroid enlargement and increased susceptibility to multiple nodule formation [35] . Although their study demonstrated a weak association, they suggested that optimal selenium status may help to prevent IDD, particularly goitre [35] . The minimal requirement of selenium in order to optimise the function of iodothyronine deiodinases enzymes and glutathione peroxidase is approximately 30 µg/day and 45 µg/day, respectively [14] . WHO, FAO and IAEA [24] and [14] , asserts the requirement of at least 30 µg/day is adequate to satisfy the optimal function of selenoproteins and does not appear to cause any adverse health consequences in NZ; thus 25 -40 µg/day of selenium is suggested to be sufficient.
Blood selenium concentration has been accepted as a useful biomarker of selenium status and intake and is the most widely used method in research [36] . However, both dietary intake and plasma selenium have been associated with daily urinary excretion especially in populations that live in selenium-deficient areas and urine can be used to assess recent selenium intake [20] . The authors acknowledge the limitation of not measuring plasma selenium, however, the measurement of selenium in 24 hour urine samples serves as a proxy measure for selenium intake in a population and indicates the need for further research.
The findings of this pilot study cannot be generalised for the whole population in NZ, since the sample is relatively homogenous, due to the recruitment of only women living in Palmerston North. The recruitment was also more active in the university area compared to other locations in Palmerston North, which resulted in a predominance of highly educated women amongst the participants. Therefore, further research is required of a larger sample of women throughout NZ including ethnic minority and low income populations.
Conclusion
Despite initiatives, UIC of the study population indicates mild iodine deficiency although their estimated dietary intakes are higher than in those in women of childbearing age prior to fortification. This is most likely due to the mandatory fortification of bread with iodised salt, but the increase was not as large as anticipated. However, ID remains; and it would be especially difficult for pregnant or lactating women to achieve recommendations from dietary sources alone. Some women may have very low selenium intakes and deficiency may exacerbate ID. Evaluation of the effectiveness of government initiatives to improve iodine intake throughout the population is essential, especially amongst pregnant and lactating women and their infants. This is vital to optimise thyroid function and cognitive performance, growth and development in infancy.
